INTRODUCTION
============

Recurrent aphthous stomatitis (RAS) is the most common type of ulcerative disease of the oral mucosa, and it affects approximately 20% of the general population. The classic presentation of RAS is recurrent, self-limiting ulcers that mainly affect nonkeratinized oral mucosa. A prodromal burning sensation lasting 24 to 48 hours can often precede the onset of ulcers. *Minor* RAS, which makes up more than 80% of all RAS cases, is a small (up to 1 cm in diameter), shallow, painful, well-circumscribed, and round-shaped ulceration that is covered by a yellow-grayish pseudomembrane and surrounded by an erythematous halo. The ulceration generally heals without scarring after 10 to 14 days. *Major* RAS is characterized by ulcers that are typically larger and deeper than *minor* RAS. Furthermore, they heal more slowly and often cause scarring. Herpetiform ulcers manifest as multiple recurrent clusters of small ulcers (less than 4 mm in diameter) that are scattered throughout the oral mucosa. These ulcers may further coalesce into larger ulcerations.[@b1-cln64_7p645]--[@b5-cln64_7p645]

The worldwide distribution, high frequency and decreased quality of life generated by RAS have resulted in a great deal of research into the etiology and efficient therapy of this disease. However, the etiology of RAS still remains unclear, and the currently available therapy remains inadequate. On the other hand, many factors have already been implicated in the promotion and/or exacerbation of RAS; these include positive family history, local trauma, nutritional deficiency, food hypersensitivity, immune disturbance, smoking cessation, and psychological stress, among others.[@b1-cln64_7p645]--[@b5-cln64_7p645]

Previous studies have suggested that psychological disturbances such as stress and anxiety could play a role in the onset and recurrence of RAS lesions. However, the obtained results were rather varied.[@b6-cln64_7p645]--[@b12-cln64_7p645] Therefore, the aim of this study was to conduct a case-control investigation of the influence of psychological stress on RAS onset. This was done using an internationally validated questionnaire[@b13-cln64_7p645] that evaluated the patients' level of stress by assessing the presence, frequency and intensity of stress symptoms.

MATERIALS AND METHODS
=====================

The trial was instituted during a period of one year at the Dentistry School of Sao Paulo University after approval by the local Ethics Committee.

Two groups of patients were recruited after giving informed consent: one group was composed of RAS patients (RAS group) and the other was composed of sex-, age- and socioeconomically-matched non-RAS patients (control group). The socioeconomic status was determined using a printed chart developed by Graciano *et al*.[@b14-cln64_7p645]

The inclusion criteria for RAS patients were as follows: minor form of RAS, non-smokers, and a minimum of two years of RAS history. RAS diagnosis was established on a clinical basis, and patients were classified according to the type of ulcers and the severity of RAS episodes. The control group consisted of patients who were seeking dental treatment at the Dentistry School, who had no history of RAS and who were matched to the variables presented by the RAS patient group. Patients with systemic illnesses such as Behçet Syndrome, Celiac or Crohn's disease were excluded.

Clinical severity was classified according to the following parameters: 1. Mild - less than 6 episodes of RAS per year, one to two lesions per episode; 2. Moderate - between 6 to 12 RAS episodes per year, one to two lesions per episode; 3. Severe - more than 12 RAS episodes per year, multiple ulcerations per episode, or no ulcer-free episodes.[@b15-cln64_7p645]

Psychological stress was assessed through a questionnaire developed by the Psychology Institute of Sao Paulo University (Symptoms of Stress List; SSL-VAS questionnaire).[@b13-cln64_7p645] Assessment was performed by a single researcher for all patients. The questionnaire was given to patients with active episodes of RAS, and to control patients with appointments for dental treatment. The questionnaire was composed of 59 questions that investigated the frequency and intensity of stress symptoms in emotional, physical, social and cognitive categories of psychological stress. Results were expressed as a score of overall stress level after proper software analysis by an expert psychologist.

RESULTS
=======

Fifty patients were enrolled in this trial. The RAS group comprised 17 women and 8 men, and the mean age was 34.4 years (range 19--58 yr). Three patients presented with mild RAS, 11 presented with moderate symptoms and 11 presented with severe RAS. The control group was comprised of the same number of patients with the same gender ratio as the RAS group. The mean age of patients in the control group was 34.5 years (range 18--55 yr). Socioeconomic status was similarly distributed throughout the three socioeconomic classes (8 lower, 11 medium, 6 high).

All patients indicated a modifying factor that was associated with their lesions, particularly recent exposures to acidic food or local trauma. Seventeen patients reported a relationship between the severity of RAS episodes and stressful life events. Additionally, 16 patients reported that the lesions themselves increased their stress levels.

Completed questionnaires were submitted to analysis by an expert psychologist who, with the aid of proper computer software, generated results that were distributed across the four domains of stress in addition to the overall score, which indicates the general level of stress ([Table 1](#t1-cln64_7p645){ref-type="table"}). The stress domain that was the most affected in both groups was the emotional domain, followed by cognitive, social and physical stress domains. The acquired results were subjected to statistical analysis (Mann-Whitney test), which showed a significant difference in terms of general stress levels between the RAS and control groups (*P* \< 0.05). Within the RAS group, no difference in stress level was observed among mild, moderate and severe RAS patients (*P* = 0.57). Furthermore, no statistical difference was observed between male and female RAS patients (P = 0.98). The Fisher's exact test indicated no statistical difference when comparing patients and controls in terms of stress levels 2 and 3 (*P* = 0.55). The same test showed statistical significance when RAS patients and control patients were compared at stress levels above 3 (*P* = 0.017).

DISCUSSION
==========

The impact of oral disorders on quality of life has been increasingly recognized as an important outcome measure for clinical trials,[@b16-cln64_7p645] especially since oral disorders frequently have detrimental effects on speech, nutrition, physical appearance, self-esteem and social interaction. RAS frequently affects patient quality of life as a result of long lasting and recurrent episodes of burning pain.[@b11-cln64_7p645]

The results of this trial showed that RAS patients exhibited higher stress levels than the control group during their active episodes. The figures in [Table 1](#t1-cln64_7p645){ref-type="table"} show that 12/25 RAS patients exhibited stress levels of 4--5 while only 4/25 of the control patients exhibited the same stress levels. Additionally, most patients in the RAS group indicated a positive relationship between stress and ulcerative episodes. Psychological stress as a triggering factor for RAS has already been mentioned in the literature, and is typically observed during stressful situations[@b12-cln64_7p645] such as school exam periods, dental treatments,[@b7-cln64_7p645] and periods of significant changes in life.[@b17-cln64_7p645] Sixty-eight percent of patients reported that the occurrence of RAS was associated with some of the aforementioned situations, particularly changes in life such as family problems, new job, new position at the job or new location of residence.

Psychological stress induces immunoregulatory activity by increasing the number of leukocytes at sites of inflammation;[@b18-cln64_7p645] this is a characteristic often observed during the pathogenesis of RAS.[@b5-cln64_7p645] The pathophysiologic consequences of stress on patients are not uniform, especially given the dynamic and complex mechanisms that affect individuals in different ways. Similarly, the same patient may exhibit different degrees of manifestation associated with the same kind of emotional stress.[@b11-cln64_7p645] As the stress level was investigated during active RAS episodes in this trial, the extent to which recurrent ulcers are themselves stressful to patients who suffer from life-long RAS must be considered. Pedersen[@b8-cln64_7p645] evaluated the psychological stress of 22 RAS patients during active and inactive stages of the disease, and despite the patients' claims of positive associations between stress and RAS episodes, there were no differences between active and inactive stages.

The results of this trial suggest an influence of stress on RAS expression, although the trial did not clarify the mechanisms involved. Some investigators have speculated that anxiety could lead to parafunctional oral habits, including lip and cheek biting, and that those physical traumas may initiate the ulcerative process in susceptible individuals. RAS patients enrolled in our trial denied such habits and showed no clinical signs of chronic trauma. Additionally, it is known that minor physical injuries to the oral mucosa in susceptible RAS patients can frequently trigger RAS lesions.[@b10-cln64_7p645]

RAS manifestations appear to be influenced by acute psychological stress. Thus, stress-management interventions like relaxation may be beneficial in reducing RAS recurrence.[@b9-cln64_7p645],[@b11-cln64_7p645]

CONCLUSION
==========

The statistically different levels of psychological stress observed between the RAS and control group support the role of stress as a modifier of RAS. The results also encourage future studies to assess the impact of psychotherapy on RAS onset and symptoms. The lack of a direct correlation between the level of stress and severity of RAS episodes suggests that psychological stress may act as a trigger or modifying factor rather than an etiological factor in susceptible RAS patients.
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###### 

Distribution of patients and controls according to general stress level and RAS severity

  Stress level            1    2    3                                                4                                               5
  ----------------------- ---- ---- ------------------------------------------------ ----------------------------------------------- -----------------------------------------------
  Mild RAS                \-   1    1                                                1                                               \-
  Mild controls           \-   \-   2                                                1                                               \-
  Moderate RAS            \-   \-   6                                                4                                               1
  Moderate controls       \-   1    9                                                1                                               \-
  Severe RAS              \-   2    3                                                4                                               2
  Severe controls         \-   3    6                                                1                                               1
  Subtotal 1 (RAS)        \-   3    10[\*](#tfn2-cln64_7p645){ref-type="table-fn"}   9[\*](#tfn2-cln64_7p645){ref-type="table-fn"}   3[\*](#tfn2-cln64_7p645){ref-type="table-fn"}
  Subtotal 2 (controls)   \-   4    17[\*](#tfn2-cln64_7p645){ref-type="table-fn"}   3[\*](#tfn2-cln64_7p645){ref-type="table-fn"}   1[\*](#tfn2-cln64_7p645){ref-type="table-fn"}
  Total                   \-   7    27                                               12                                              4

Interpretation of general level of stress' scores (stress phases): 1- low (low risk phase), 2- medium-low (alert phase), 3- medium (resistance phase), 4- medium-high (acute danger phase), 5- high (exhaustion phase).

Statistically significant difference (Exact Fisher test)
